Members of the Bcl-2 family of apoptosis-regulating proteins contain at least one of the four evolutionarily conserved domains, termed BH1, BH2, BH3, or BH4. Here, we report the identification, cloning, physical mapping, and expression pattern of BCL2L12, a novel gene that encodes a BCL2-like proline-rich protein.
Programmed cell death and apoptosis are highly regulated physiological processes (5, 18) . Disregulaton of apoptosis results in several diseases including cancer, loss of tissue due to ischemia, and AIDS (19) . Apoptotic events are regulated by a number of proteins that exert either a positive (pro-apoptotic) or a negative (antiapoptotic) effect. Proteins participating in these events include members of the Bcl-2 family (1) . Members of the Bcl-2 family are characterized by the presence of at least one of the BH1, BH2, BH3, or BH4 domains (14) . The BH1 and BH2 domains are present in all antiapoptotic proteins, while the BH3 domain is present in the pro-apoptotic members of the family. The BH4 domain appears to be present in the N-terminal domain of the anti-apoptotic Bcl-2, Bcl-X L , and Bcl-w proteins, and its function is not clear as yet.
In our search for genes involved in the process of apoptosis, we are using positional cloning techniques. A potential BH2 domain was identified in the (BAC) 2 clone BC42053, sequenced by the Department of Energy's Joint Genome Institute. Genomic sequences from this clone were in the form of 87 contigs of different lengths. The clone containing this gene was obtained from the Lawrence Livermore National Laboratory, and the genomic DNA was isolated. The chromosome 19 EcoRI restriction map (3) and long PCR strategies, using genomic DNA from this clone, were used to construct a contiguous area of the genomic area of interest. Bioinformatics approaches were used to predict the presence of new genes, and a putative new apoptosis-related, prolinerich protein was identified. Blast search and EcoRI restriction digestion analysis of the sequence of one adjacent (telomeric) cosmid clone (R31181) allowed us to identify the relative position of the new gene and other previously identified genes, RRAS, IRF3, and PRMT1, along the same chromosomal region (19q13. various experimental approaches, including EST database searching, RT-PCR screening of 28 tissues, and PCR product sequencing from both directions for each tissue. The 3Ј and 5Ј termini of the gene were verified using RACE technology.
As shown in Fig. 1 216 bp, respectively. The predicted protein-coding region of the gene is formed of 1005 bp, encoding a deduced 334-amino-acid polypeptide with a predicted molecular mass of 36.8 kDa and an isoelectric point of 9.45. An (AATAAA) sequence is identical with a consensus polyadenylation signal (13) and is followed, after 35 nucleotides, by the poly(A) tail not found in the genomic sequence. Another (ATTAAA) sequence was found 11 bases upstream of the poly(A) tail and was reported to occur as a natural polyadenylation variant in 12% of vertebrate mRNA sequences (15) .
The highlighted region in Fig. 1 indicates a 16-amino-acid sequence, found in the BH2 domain of several members of the Bcl-2 family of proteins (14) . The amino acid loop (WIQXXGGW) at positions 311-318 was also found in the Bcl-2, Bax, and Bcl-X L proteins (Fig.  2C) . No BH1, BH3, and BH4 domains were found. Bcl-2 family genes containing only one BH domain have been reported (9) . Although most Bcl-2 family members contain a combination of the BH1, BH2, BH3, or BH4 domains, a truncated form of the Bax protein (11) and the mammalian activator of apoptosis, Hara-kiri (9), contain only one domain. Thus, it appears that a full complement of BH domains may not be necessary to confer apoptotic or anti-apoptotic activity. Through the use of sequence analysis tools, we were able to identify various putative posttranslational modification sites. There are numerous potential sites for O-glycosylation. Furthermore, several possible sites of phosphorylation have been identified for cAMP-dependent protein kinase, protein kinase C, and casein kinase 2. In addition, several N-myristoylation sites have been predicted (Table 1) .
The BCL2L12 protein was found to have proline-rich sites. One PPPP site as well as five PP amino acid sites is present in this protein. Eight putative PXXP motifs were also identified (Fig. 1) . Proline-rich motifs are characterized by the presence of the consensus PXXP tetrapeptide, found in all proline-rich proteins identified to date (2) . It is known that SH3 domains recognize proline-rich sequences and that all known SH3-bind- a The residues are numbered according to the sequence shown in Fig. 1 and our GenBank submission (Accession No. AF289220).
ing proteins contain proline-rich regions with at least one PXXP motif (2, 6, 10, 16) . Proline-rich domains have been identified in a number of diverse proteins such as epidermal growth factors, phosphatidylinositol 3-kinase, and, more recently, the small GTPase RRAS protein and members of the RRAS superfamily such as the TC21 protein (10, 17) . Moreover, the amino acid loop (PPSPEP) at positions 271-276 of the BCL2L12 protein is identical with the PXXP motif present in the RRAS and TC21 oncogenes (17) . This motif is required for integrin activation.
PCR screening for BCL2L12 transcripts using genespecific primers revealed the presence of two bands in most of the tissue cDNAs examined. The two bands were gel-purified, cloned, and sequenced. The upper band represents the classical form of the gene, and the lower band is a splice variant. As shown in Fig. 2A, this  variant (BCL2L12-A) is missing exon 3 (143 bp) . This splice variant is expected to encode a truncated protein of 176 amino acids with five PP proline sites, two putative PXXP motifs, and no BH2 homology domain.
By identifying the position of the RRAS, IRF3, PRMT1/HRMT1L2, and BCL2L12 genes along these clones, we were able to define precisely the relative location and the direction of transcription of these four genes. PRMT1 is the most telomeric, and its direction of transcription is from centromere to telomere, followed by BCL2L12, which is more centromeric and transcribes in the same direction. The distance between the two genes is 3.4 kb. RRAS and IRF3 genes are more centromeric, located at a distance of 25.1 and 0.3 kb from BCL2L12, respectively, and are transcribed in the opposite direction.
RT-PCR analysis, with primers GGA GAC CGC AAG TTG AGT GG and GTC ATC CCG GCT ACA GAA CA from different human tissues, was used to identify the expression pattern of BCL2L12. Actin was used as a control gene. In each of the 26 adult and 2 fetal tissues tested, a BCL2L12 transcript was identified. As shown in Fig. 2B , the classic form of the BCL2L12 gene is highly expressed in the thymus, prostate, fetal liver, mammary, colon, placenta, small intestine, kidney, and bone marrow. Lower levels of expression are also seen in all other tissues tested. The splice variant is highly expressed in skeletal muscle, fetal liver, and spinal cord. In skeletal muscle, the levels of BCL2L12-A transcripts are higher than the classic form, in contrast to other tissues. To verify the RT-PCR specificity, representative PCR products were cloned and sequenced. These results were reproducible with different sets of primers and different reaction conditions.
In summary, we have cloned a novel human gene, BCL2L12, that maps to chromosome 19q. 13.3-q13.4 between the RRAS and the PRMT1 genes. The predicted 36.8-kDa BCL2L12 protein contained a BH2 domain and several small proline-rich motifs (PXXP). Both the BH2 and the proline-rich domains play important roles in the productive interaction of proteins during events such as apoptosis or its repression, epidermal factor signaling, cellular localization of cytoplasmic proteins, and activation of the phosphatidylinositol 3-kinase in response to IgM cross-linking (4, 7, 10, 12) . The presence of the BH2 domain, present in most anti-apoptotic proteins, together with the prolinerich motifs suggests that the BCL2L12 protein may participate in protein-protein interactions. To our knowledge, this is the first gene identified encoding a protein that contains both a proline-rich domain and a BH2 domain. The presence of both domains, if functional, may represent the crossroads between proteins involved in the regulation of apoptotic events and proteins containing SH3 domains.
